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DISTRIBUTION OF LIPIDS AND FREE AMINO ACIDS IN
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Several biochemical studies of psoriatic scales
have been previously reported. Eckstein and
Wile (1) and Prokoptschuk and Kirson (2) have re-
ported cholesterol values in psoriatic scale which
are comparable to those of the normal horny
layer. Paschoud and Schmidli (3) have found
a decrease in polypeptides or water soluble
proteins hi psoriatic skin. More recently Flesch and
Esoda (4) have reported a concentration of free
amino nitrogen in psoriatic scales considerably
below that found in the normal horny layer.
The purpose of this investigation was to study
the lipid composition, total nitrogen, total sulfur,
and the free amino acid distribution in separate
scale samples from a number of psoriatic pa-
tients. Such information might help delineate
abnormalities of cellular metabolism in psoriasis.
MATERIALS AND METHODS
Six hospitalized individuals with untreated
generalized psoriasis were studied. Scale samples
I to V were secured from each individual by daily
brushing. In addition scale that accumulated in
the bed sheets and pajamas was combined with the
scales secured by brushing. These five samples
were of a micaceous nature. Sample VI was com-
posed of thick heavy scale collected from the
plantar surfaces of the feet. A single sample of
scale was collected from a normal individual who
was exfoliating following a sunburn (natural sun-
light).
Scale samples were dried to constant weight in
a vacuum oven at 400 C.
For the lipid studies, weighed samples of the
dried scales were ground in an agate mortar and
then extracted in a Soxhlet extractor with alcohol:
ether (3:1) for 24 hours. Total lipids were de-
termined on this extract by the method of Bragdon
(5), total cholesterol and cholesterol esters by
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the Schoenheimer-Sperry method (6), and phos-
pholipids by the Fiske-Subbarow method (7).
Total nitrogen was determined on the dry lipid
free scale by the macro-Kjeldahl procedure.
Sulfur in the dried scale samples was converted
to sulfate by sodium peroxide oxidation in a Parr
bomb (8) and determined gravimetrically by
precipitation as barium sulfate.
Free amino acids were extracted from the dry
scale, and freed of lipid materials, by the method
described by Awapara (9). The scale extracts were
subjected to two-dimensional ascending paper
chromatography. The solvent used for develop-
ment in the first direction was phenol saturated
with an aqueous solution of 6.3% sodium citrate
and 3.7% potassium dihydrogen phosphate (10).
Two different solvent systems were used for de-
velopment in the second direction: 1. n-butanol,
water, and acetic acid (4:1:1 by volume) (10) and
2. methanol, n-butanol, benzene, and water
(2:1:1:1 by volume) (11). Known amino acids,
and scale extracts plus known amino acids, were
also chromatographed in these solvent systems.
The paper chromatograms were air dried. Amino
acids were detected on the chromatograms by
spraying with a solution of ninhydrin (0.2%) in
n-butanol saturated with water. Amino acids
found in the scale samples were identified by
comparing their R, values with those obtained for
known amino acids chromatographed under the
same conditions. Color intensity of the spots was
rated visually as 1 to 4 plus to give an indication
of the relative concentration of the various amino
acids present.
RESULTS
The values obtained for the various lipid frac-
tions, total nitrogen, and total sulfur on the six
samples of psoriatic scale are presented in Table I.
Total lipid values ranged from approximately
4 to 12%. Total cholesterol values varied from
0.51 to 1.51%. The percentage of cholesterol in
the esterified form varied from 7 to 43. Phospho-
lipid concentrations ranged from 0.07 to 0.50%.
Triglyceride concentration ranged from 2.5 to
10.3%.
Total thtrogen values varied in a narrow range,
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TABLE I
Distribution of nitrogen, sulfur, total lipid, choles terol and phospholipids in psoriatic scale*
Patient
__ Average
I II III IV V VI
Total lipid
Total cholesterol
Cholesterol as esters
Phospholipids
Phospholipid Cholesterol
Triglycerides
Nitrogen, lipid free
Sulfur
9.55
1.51
30
0.15
0.10
6.97
15.9
0.70
7.93
1.50
28
0.45
0.33
5.66
16.3
0.96
8.51
0.51
43
0.34
0.66
7.50
15.3
—
7.88 12.2
0.88 1.27
14 7
0.50 0.48
0.57 0.38
6.41 10.38
15.1 15.3
0.44
3.75
1.06
13
0.07
0.07
2.53
15.2
0.60
8.30
1.13
22
0.34
0.35
6.58
15.5
0.68
* All values are expressed as per cent on a dry weight basis. The ratio of phospholipid to cholesterol
was obtained by dividing the per cent of phospholipid by the per cent of cholesterol.
samples except V. The other aromatic amino
acids, tryptophan and phenylalanine were present
in small amounts in samples I and VI. The di-
carboxylic amino acids, aspartic and glutamic
were present in considerable quantity in nearly
all scale samples. Glutamine was present in
samples I, II, and IV while asparagine was not
detected in any sample. The basic amino acid
arginine was present in all samples, and lysine
in several (I, II, III), while histidine could not
Amino Acid
TABLE II
A comparison of the free amino arid distribntion of psoriatic scale and postultraviolet erythema scale
Psoriatic
II III IV V VI
+ ++++
++++ ++++
+++ +++
+++ ++++
Glycine
Alanine
Valine
Leucine (or Isoleucine)
Serine
Threonine
Tryptophan
Phenylalanine
Tyrosine
Lysine
Arginine
Aspartic Acid
Glut.arnic Acid
Glutamine
Proline
++++
++++
++
++++
++++
+
+
++
+
+
+
++
++
+
++
++++
+++
++
++
++++
+
+
+
+
+± +
+ + ±
++
+
+++
++
++
++++
+
+
+
++
-F +
+ + ±
+++
++
++
++
+++
+
+
+
++
++
+
Post-
ultraviolet
erythema
±+ +
+++
++
+++
+ + ±
++
++
+
-F
+
+
++++
+++
+
+
++
++
+++
++
+
+++
from 15.1 to 16.3% and total sulfur from 0.44 to
0.96%.
Results of the chromatographic studies are
presented in Table II. The unsubstituted au-
phatic amino acids, glycine, alanine, valine, and
leucine (or isoleucine), were present in all scale
samples in comparatively high concentrations.
The hydroxy amino acids were present in all
scale samples, serine in relatively greater amounts
than threonine. Tyrosine was present in all
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be detected. Proline was found in only one sample
(I) while hydroxyproline was not detected in
any sample. The sulfur containing amino acids,
methionine, cystine, and cysteine, were not
present in any of the scale extracts.
DISCUSSION
The total lipid values obtained for all psoriatic
scale, averaging 8.3%, are consistent with the
values of 7 to 9% reported for callus (12) and
values of 6.9 to 8.2% reported for exfoliative
dermatitis scales (1). Scale samples I to V which
were of a micaceous nature and represented gen-
eralized areas of psoriatic involvement had a
narrow range of total lipid values, 7.88—12.2%.
Sample VI, which represented a thick heavy
scale taken from the plantar surfaces of the feet,
had the lowest value for total lipids (3.75%).
Total cholesterol values, averaging 1.13%, are
slightly higher than those found by Kooyman
(0.73%) (13) in human horny layer from palms
and soles but are in close agreement with values
of 1.2 to 1.7% and 0.5 to 2.3% reported for
pathological scale (1, 2). The percentage of
cholesterol in the esterified form (22%) is com-
parable to the 18% reported for the human
horny layer (13).
The average phospholipid value (0.34%) is
somewhat higher than the 0.14% reported for
the normal horny layer (13). This finding is in
agreement with the suggestion that the phospho-
lipid content of psoriatic scale, measured as
bound choline, is higher than that of normal
(scraped) scale (14). Phospholipid to cholesterol
ratios are not consistently elevated.
Total nitrogen values obtained on a dry weight
and lipid free basis averaged 15.5%. This value
is similar to that reported by Matoltsy and
Balsamo (12) for dry callus (15.6—16.6%).
Total sulfur values obtained on four samples
of psoriatic scale ranged from 0.44 to 0.96%.
These results are similar to the value of 0.7% re-
ported by Wilson and Lewis (15) for human epi-
dermis.
The distribution of free amino acids in psoriatic
scale and in the post-ultraviolet irradiation (sun-
burn) scale (Table II) is comparable in general
to that found by Schmidli and Paschould (16)
in normal skin.
The unsubstituted aliphatic amino acids gly-
cine, alanine, valine, and leucine (or isoleucine)
were found in all the samples studied. These
amino acids, as a group, appear to be present in
greater concentrations than the other amino
acids.
The hydroxy amino acids, serine and threonine,
were found in all scale extracts. Serine was present
in significantly higher concentrations than threo-
nine, being present in amounts comparable to
the unsubstituted aliphatic amino acids.
Tyrosine was present in five of the six samples
of psoriatic scale. The other aromatic amino
acids, tryptophan and phenylalanine were present
in only two of the scale extracts. In the samples
of scale in which these amino acids were present,
the quantities are markedly lower than those of
the unsubstituted aliphatic amino acids.
Two of the basic amino acids, lysine and ar-
ginine, were found in small amounts in several
scale samples. Histidine was not detected. The
concentration of the dicarboxylic amino acids,
aspartic and glutamic, is greater than that of the
basic amino acids and quite comparable to that
of the aliphatic amino acids. The imino acid pro-
line was detected in only one sample while
hydroxy-proline was not found in any of the
scale extracts.
The sulfur containing amino acids, methionine,
cystine, and cysteine, were not found. The failure
to detect the sulfur amino acids as well as histi-
dine and hydroxyproline may be attributed to
several factors: 1. these amino acids may not
exist in the free state in psoriatic scale; 2. the
method used for extraction may not be adequate
to remove low concentrations of these amino
acids from the highly keratinized tissue; 3. the
ninhydrin method may not be sufficiently sensi-
tive for detecting extremely low concentrations
of these amino acids on paper chromatograms.
There does not appear to be any consistent
relationship between the free amino acid distribu-
tion in scale and the amino acid composition of
keratin. Cystine and the dicarboxylic amino
acids are present in considerable quantity in
human epidermal keratin (17). However, in the
scale extract cystine was not detected while the
dicarboxylic amino acids were present in com-
paratively large amounts.
A comparison of the free amino acids of scale
with the free amino acid composition of blood
plasma (18) is also of interest. Here again there
appears to be no direct correlation between
plasma and scale free amino acid composition.
Proline, glutamine, and lysine are present in high
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concentrations in bicod plasma but only in low
concentrations in several of the scale extracts.
Rothman (19) has reported the presence of a
number of free amino acids on the skin surface
which appear to be derived from sweat. These
amino acids may be absorbed by scale thus com-
plicating the interpretation of data on free amino
acid distributions. That the free amino acids were
not adsorbed on the surface of the scale was indi-
cated by the fact that a preliminary washing of
intact scale with aqueous alcohol removed only
traces of amino acids. In general the free amino
acid distribution in psoriatic scale and those
found by Rothman on the skin surface are quite
comparable. Hydroxyproline, however, which
was found on the skin surface (19) was not de-
tected in scale extracts.
SUMMARY
Total nitrogen, total sulfur, lipid, and free
amino acid distribution of psoriatic scale has been
studied.
Total nitrogen and total sulfur values are com-
parable to those reported for human epidermis.
Lipid distribution patterns indicate a phospho-
lipid concentration somewhat above that reported
for normal epidermis. Cholesterol values were
normal to slightly elevated.
Fifteen free amino acids have been identified
in psoriatic scale extracts. Sulfur containing
amino acids were not detected. The free amino
acid distribution in psoriatic scale was found to
be similar to that of postultraviolet irradiation
scale from a normal individual.
The authors would like to thank Dr. A. C.
Curtis for his interest in this investigation, and
in the preparation of the manuscript.
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DISCUSSION
DR. VICTOR R. WREATLEY (Chicago, Ill.):
With regard to the lipid of psoriatic scales, we did
examine one specimen of the scale lipids. We
obtained the figures roughly in the same order as
the present ones. There are, however, about two
per cent fast acting stcrols in psoriatic scales
hence the figures of the present authors arc going
to be high by an order of two or three per cent,
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because they have not allowed for these. The
figures we obtained for the esters were about ten
per cent of the total sterols, which again is
within the range given in this paper, but com-
pared to the stratum eorneum, which contains 30
per cent of esters, these do appear to be lower in
psoriasis. The peculiar lipid substance we found
in psoriatie epidermis is also present in small
amounts in the psoriatic scale.
DR. PETEE FLESCH (Philadelphia, Penna.):
I would like to express my appreciation of this
fine work. Sweat cannot play a major role in
influencing the chemical composition of psoriatie
scales, because there is anhidrosis in the area of
the plaques.
The authors used scales from subjects with
post-ultraviolet erythema as controls. I have
some data which indicate that such scales do not
represent normal conditions. Unfortunately, I
have nothing better to suggest. We use callus as
control in our studies, not because we think that
it is representative of normal horny layers, but
because it is available in relatively large quanti-
ties. It is not always realized that the collection
of sufficiently large quantities of non-callused
horny layer without the admixture of lanugo
hairs is an extremely difficult task.
Du. HEEBERT H. C0RNJ5H: (in closing) I
would like to thank those who discussed this
paper.
The cholesterol values, which were determined
by the Sehoenheimer-Sperry method, would
include both the slow and fast acting sterols
present in the scale.
With regard to the possible role of sweat as a
source of the free amino acids of scale, we noted
that the free amino acid distribution in psoriatic
scale was quite similar to that reported by Roth-
man for sweat. However, a preliminary washing
of intact psoriatie scale removed only traces of
free amino acids indicating that adsorption on the
scale surface was not a major source of the free
amino acids found in the scale extracts.
The control tissue used for the free amino acid
studies was scale obtained from a normal indi-
vidual following exposure to ultraviolet light
(natural sunlight). The free amino acid distribu-
tion in this scale was similar to that found for
psoriatie scale. Since no significant differences
were found in free amino acid distributions it is
doubtful that additional control materials such
as callus or normal scraped scale would appreci-
ably alter the results.
